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Modelling period fertility: Schooling and intervals
following a birth in Eastern Africa
Catriona A. Towriss1 and Ian M. Timæus 1,2
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We describe a regression-based approach to the modelling of age-, order-, and duration-specific period
fertility, using retrospective survey data. The approach produces results that are free of selection biases
and can be used to study differential fertility. It is applied to Demographic and Health Survey data for
Ethiopia, Kenya, Tanzania, and Zimbabwe to investigate differential trends in fertility by education.
Parity progression fell and the intervals following each birth lengthened between the 1970s and 2000s in
all four countries. Fertility fell most among women with secondary education. In contrast to other world
regions, postponement of successive births for extended periods accounted for much of the initial drop in
fertility in these African countries. However, family size limitation by women with secondary education in
Ethiopia and Kenya and longer birth spacing in Zimbabwe also played significant roles. Thus, birth
control is being adopted in Eastern Africa in response to diverse changes in fertility preferences.
Supplementary material for this article is available at: https://doi.org/10.1080/00324728.2017.1370121
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Introduction
Recent years have seen renewed interest in the tran-
sition to low fertility in sub-Saharan Africa. Signifi-
cant falls in mortality have occurred, which,
according to classical demographic transition
theory, should bring about fertility decline.
However, the decline in fertility in Africa has
lagged behind that seen elsewhere. The 2015 revision
of World Population Prospects (UN Population Div-
ision 2015) forecasts that, of the 2.4 billion people
who are expected to join the global population
between 2015 and 2050, 1.3 billion will be in Africa.
However, continental- and national-level statistics
can mask important differential trends in fertility
among subgroups of women. This research models
age-, order-, and duration-specific period fertility
among women with different educational levels in
four countries in Eastern Africa.
Although fertility is of central interest to demogra-
phy, the analysis of birth histories collected in Demo-
graphic and Health Surveys (DHS) has seldom
progressed beyond the calculation of age-specific
rates for subgroups of women. This is because such
analyses face two interrelated challenges. First, it is
impossible to disaggregate the data from a survey
of 5,000–20,000 women into the full array of sub-
groups needed for a refined analysis of fertility and
still estimate fertility rates for each subgroup with
sufficient precision to be of value. Second, data on
fertility by parity and interval duration supplied by
women who have yet to reach the end of their child-
bearing lives are plagued by potential selection
biases. Any woman aged less than 50 who has
reached a particular parity has done so more
rapidly than the additional women who will achieve
the same parity by the end of their childbearing
lives. Unavoidably, therefore, all parity-specific esti-
mates of fertility made from fertility survey data
are based on women who have been selected for
rapid childbearing.
The obvious strategy with which to address the
second issue exacerbates the first one. It is to calcu-
late fertility rates for different periods and subgroups
of women of the same age, parity, and interval dur-
ation (Rodríguez and Hobcraft 1980). Allowing for
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all three variables would enable analysts to compare
women who have reached the same stage of the
family building process at the same age. The
problem is that to estimate each of these rates indivi-
dually would require a sample many times the size of
the DHS interview samples.
Fortunately, one can largely escape this dilemma
by abandoning classical methods of analysis and
modelling the array of rates using some form of mul-
tiple regression. Somewhat surprisingly, the litera-
ture contains rather few studies that have adopted
this approach to the analysis of fertility survey data.
Many notable champions of the study of fertility by
parity as well as age (Feeney and Yu 1987; Ní Bhrol-
cháin 1987; Rallu and Toulemon 1994) have used
classical methods to advance their arguments, side-
stepping the problem of sample size by basing their
analyses on census data, vital statistics, or sample
data for countries such as China, whose absolute
size is huge.
In earlier research, one of the authors adopted the
Brass and Juárez (1983) approach to the analysis of
parity progression and order- and duration-specific
fertility. Although this is an unconventional
method, it remains classical in nature, rather than
being based on statistical modelling. Thus, it has
limited potential as a way of investigating fertility
differentials. Moreover, while Moultrie et al. (2012)
described a regression-based approach to order-
and duration-specific fertility and used it to cross-
check results that they arrived at using Brass and
Juárez’s paired-cohort comparison method, they
reverted to the latter to produce most of their results.
Attention to changes in order- and duration-
specific fertility is particularly important when exam-
ining fertility change in sub-Saharan Africa. Birth
spacing is an important influence on fertility in
many African populations. Evidence from several
contexts across the continent has shown that the
spacing of births is regarded as important for the
health of both the mother and of her youngest child
(Bledsoe et al. 1994; Howard and Millard 1997;
Wolf et al. 2008). It is recognized that repeated preg-
nancy, childbirth, and breastfeeding are challenges to
women’s health. Thus, spacing births becomes a strat-
egy for ensuring that women are able to continue
childbearing throughout their fecund years
(Bledsoe et al. 1994).
Traditionally, birth spacing in most African
societies was controlled by two mechanisms: pro-
longed breastfeeding and post-partum abstinence.
Prolonged periods of intensive breastfeeding delay
the return of a woman’s menses after childbirth,
thus preventing conception (Santow 1987). In
addition, women were often expected to abstain
from sexual intercourse during the post-partum
period (Murdock 1954; Caldwell and Caldwell
1981; Lesthaeghe et al. 1981; Egbuonu et al. 2005).
The importance of birth spacing led Caldwell et al.
(1992) to predict that fertility decline in sub-Saharan
Africa would occur among women of all age groups
and—by implication—parities, not just among older
women with large families (as was the case in
Europe and North America). This statement has
spawned a debate about whether the pattern of ferti-
lity decline in this region is exceptional. Johnson-
Hanks (2007) found that the pattern of parity-specific
birth spacing among African women who had sought
to limit their fertility resembled that of women who
had never sought to control their childbearing. On
the other hand, Bongaarts and Casterline (2013)
found no evidence that sub-Saharan Africa is experi-
encing a new type of transition in which declining
age-specific rates at older ages play a smaller role
in the early stages of transition than in other regions.
Recent research has shown that waiting times from
one birth to the next have lengthened significantly
among women in sub-Saharan Africa. In the 1960s
and 1970s, median waiting times were between 27
and 33 months across the continent. Since then, the
durations at which 50 per cent of women progress
to another birth have lengthened across the region
(Moultrie et al. 2012). The trend has been most
marked in Southern Africa and the largest increases
have occurred in South Africa, where the median
time to having another birth for women aged 25–29
rose to 72 months (six years) by the late 1990s (Moul-
trie and Timæus 2003). In Namibia, Zimbabwe, and
Lesotho, these durations stood at approximately
45 months. Substantial changes have also been
observed outside Southern Africa: in Ghana, the
median duration to next birth rose from 32 months
in the mid-1960s to 45 months in 2005–10. Although
the lengthening of waiting times has been greatest
among populations where the transition to low ferti-
lity has been most pronounced, the trend can also be
observed among women in countries with higher fer-
tility and lower contraceptive use. Finally, in the
populations examined, the lengthening of times to
next birth varied little by age or parity (Moultrie
et al. 2012).
Timæus and Moultrie (2008) argued that under-
standing this pattern of fertility change requires scho-
lars of population to re-examine the way we theorize
and categorize fertility intentions. They proposed
the concept of postponement as a third family building
strategy, which is distinct from both family size limit-
ation and birth spacing, that may explain the
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lengthening of birth intervals in sub-Saharan Africa.
Postponers are defined as women who seek to avoid
a pregnancy in the current moment for reasons that
are not a function of their childbearing history. In con-
trast, spacers are defined as womenwho seek to avoid
a pregnancy in the current moment for reasons that
are a function of the age of their youngest child.
Thus, postponement is conceptually different from
birth spacing because it recognizes that women may
seek to delay conception for reasons that are not con-
tingent on the age of their youngest child. For
example, they may be concerned about their finances
and seek to delay conception in order to save up
money before the birth of their next child or
because they are experiencing difficulties in their
relationship. Postponement is also distinct from
family limitation because it acknowledges that
women may not have decided that they do not want
to have another child ever, but have only decided
that they do not want any more children at present.
In this paper, we apply the regression model that
Moultrie et al. (2012) proposed for the analysis of ret-
rospective birth history data to the analysis of differ-
ential trends in fertility. We describe in detail how it
can be used to model differences in patterns of ferti-
lity by duration since last birth that are diagnostic of
the implementation of different family building strat-
egies by means of birth control. Our substantive
analysis then focuses on the dynamics of order- and
duration-specific fertility and the changing family
building strategies emerging in four Eastern
African countries during the initial phases of fertility
transition (1965–2010). In particular, we examine
differential trends in fertility according to level of
education, while simultaneously controlling for the
urban–rural composition of the population.
Data
This study uses the birth history data collected in the
DHS from four Eastern African countries: Ethiopia,
Kenya, Tanzania, and Zimbabwe. These countries
have all conducted three or more DHS and obtained
nationally representative data on corresponding
large samples of births. We use all the surveys avail-
able at the time of analysis. The dates of the surveys
and the corresponding total number of maternities
per country are shown in Table 1.
Table A1 in the supplementary material presents
the number of births and exposure time on which
the analysis is based for each of the four countries
and for women with differing levels of schooling in
each country.
A model of period fertility
Rallu and Toulemon (1994) pointed out that to estab-
lish a rationale for the calculation of synthetic cohort
measures of fertility for a specified period, the
analyst must assume that fertility depends only on
conditions at that time. Therefore, the fertility rates
from which such measures are calculated should
adjust as far as possible for the impact of past fertility
on the composition of the population so that they
reflect only current conditions. The intersection of
age, parity, and interval duration in a particular
period defines demographically homogenous groups
of women. Thus, age-order-duration-specific period
fertility rates adjust for the primary differences
between populations in the demographic character-
istics of women of childbearing age. They can be com-
bined using life table methods to generate period
parity progression ratios (PPRs—probabilities that a
woman of a given parity will have a further birth)
and total fertility (Rallu and Toulemon 1994).
The analysis of parity progression and birth inter-
vals using fertility history data requires methods
that address the issues of selectivity and censoring.
As all women aged 15–49 are eligible for interview
in the DHS, many of the respondents have not yet
come to the end of their reproductive lifespan. Selec-
tivity arises in the right-truncated birth history data
that they supply, because between-couple levels of
fecundity are heterogeneous. Thus, even in
Table 1 Countries and years of Demographic and Health Surveys (DHS) analysed
Ethiopia Kenya Tanzania Zimbabwe
2000 1989 1991–92 1988
2005 1993 1996 1994
2011 1998 1999 1999
2003 2004–05 2005–06
2008–09 2010 2010–11
Total no. of maternities 97,744 86,795 93,331 56,147
Source: DHS.
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populations which do not practise birth control, ferti-
lity rates decline with interval duration as more
fecund couples conceive and go on to begin new
birth intervals. Similarly, high parity women are
selected for high fecundity and, in contracepting
populations, for pronatalist preferences and are
prone to shorter birth intervals than lower parity
women (Timæus and Moultrie 2013). At each
parity, younger women are more highly selected
than an older group of women of the same parity.
Additional complications arise from the censoring
of birth histories collected from women of childbear-
ing age. Women’s current birth intervals are inter-
rupted by the interview and a proportion of them
will go on to have another birth in the future.
Although one can obtain unbiased estimates that
allow for this using the methods of survival analysis,
censoring makes it impossible to calculate final
PPRs and birth interval distributions for cohorts
directly from fertility survey data (Rodríguez and
Hobcraft 1980). Moreover, this limitation of birth
history data cannot simply be dealt with by focusing
only on inter-birth (closed) intervals since they are
biased towards short durations, whereas open inter-
vals are biased towards long durations (Rindfuss
et al. 1982).
Various methods that are designed to control for
the effects of selectivity and censoring have been
proposed for examining trends in birth intervals.
Hobcraft and colleagues described a life table
approach (Rodríguez and Hobcraft 1980; Hobcraft
and McDonald 1984; Rodríguez et al. 1984; Hob-
craft and Rodríguez 1992) that looks at the pro-
portion of women having a subsequent birth. The
biases are dealt with by disaggregating the life
tables by variables that control the strength of selec-
tion. Brass and Juárez (1983) used a paired-cohort
truncation approach, which compares a series of
life table estimates for pairs of successive age
groups with children born within the last five years
eliminated for the older group in each pair. Using
this procedure, the two life table estimates are
made comparable, as both have similar levels of
selection bias and are equally age-censored. In the
current paper, we adopt and extend a third
approach: the regression method outlined by Moul-
trie et al. (2012). This method is advantageous for
two reasons: (1) it is less afflicted by sample size
problems than classical methods; and (2) it is
suited to the measurement of fertility on a period
as opposed to a cohort basis, unlike the Brass and
Juárez method (Moultrie et al. 2010, 2012; Timæus
and Moultrie 2013).
Open and closed intervals
The length of closed birth intervals can be studied
simply by measuring the duration of the intervals
ended by births occurring in a specific year or
period. So long as the analysis includes all intervals
ending in the period, and not just women’s most
recent births, it will yield unbiased measures for the
population at that time. Although they are straight-
forward, such analyses can reveal nothing about fer-
tility or parity progression during the period of
interest. To investigate these aspects of women’s
reproductive histories, one must also consider the
exposure of those women who do not have any
births during the period. In principle, the calculations
are straightforward and can be conducted on a
period basis (Timæus 2015). However, they can be
tricky to implement without software designed for
the purpose. A count is made of the births in the
period, cross-classified by women’s parity, the time
since their last birth, and their age if required.
Women’s exposure time in the same period is
summed, cross-classifying in the same way. Dividing
each subgroup of births by the corresponding
exposure time produces fertility rates.
A classical analysis of this type faces the problem
that too few births are reported in most DHS, even
in a five-year period, to estimate age-order-duration-
specific fertility in the usual way with adequate pre-
cision. This difficulty can be sidestepped, within
limits, by modelling the rates statistically by means
of survival analysis. This study adopted the latter
approach. Either way, the analysis proceeds by
applying life table methods either to the directly
measured fertility rates or to the fitted fertility rates
from the regression model, in order to estimate survi-
vorship in the birth interval, that is, the proportion of
women who have not progressed to the next birth.
Summary measures of the time that women spend
in intervals of a specific type during the period in
question can then be derived from the survivorship
function.
Because the distribution of birth intervals is very
skewed, with a few women having extremely long
intervals, most analysts use medians rather than
means as their summary index of the duration of
birth intervals (Timæus 2015). The simplest
measure, which is adopted here, is the median dur-
ation to the next birth (the duration by which
50 per cent of women have another birth). Some ana-
lysts prefer to use the median length of those inter-
vals closed by some cut-off duration such as twelve
years, arguing that this prevents confusion between
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changes in parity progression and the pace of child-
bearing (Bongaarts and Casterline 2013; Casterline
and Odden 2016).
From our theoretical perspective, the latter indi-
cator is problematic. If women are postponing their
next birth for reasons unrelated to their reproductive
histories, decisions about fertility (whether to
attempt to have a birth at a particular time) deter-
mine parity progression, rather than vice versa.
Thus, we prefer to use a measure of interval duration
that treats all women who enter the interval as a
single group, rather than a measure that implies
that women with different outcomes necessarily
entered an interval with different intentions.
Reductions in parity progression reduce the ratio
of closed to open intervals, leading to an increase in
the average waiting time to next birth. Increased
family size limitation has a particularly large effect
on the right-hand tail of the duration-specific fertility
distribution, in which the stoppers represent a large
proportion of women who have not progressed, and
therefore greatly affects the mean waiting time to
next birth. Changes in parity progression have far
less effect on the median time to next birth. Across
sub-Saharan Africa, parity progression is high: even
if fertility fell to what would be replacement level
for this region, about 60 per cent of all inter-birth
intervals would be closed. This implies that, in prac-
tice, the median duration to the next birth conditional
on having another birth, and the unconditional
median duration by which half of all women who
enter the interval have another birth, follow similar
trends in this region. Moreover, limiting and
spacing alone are unable to push up the median
time to next birth for all parities combined much
beyond four years (Timæus and Moultrie 2013).
Longer median times to the next birth than this are
evidence of postponement.
Poisson regression for rates
Several different models for survival analysis that
could potentially be used to analyse birth intervals
have been developed. Limiting, spacing, and post-
ponement all change the shape of the duration-
specific fertility distribution (Timæus and Moultrie
2008, 2013). In other words, none of these forms of
birth control have a proportional impact on fertility
by interval duration. Thus, Cox partial likelihood
models, which are proportional hazards models, are
ruled out as poorly specified on theoretical
grounds. Instead, Moultrie et al. (2012) adopted a
model variously described in the literature as a
piecewise exponential model, log-linear rates
model, or Poisson regression model for rates, and
we used the same model in this analysis. Poisson
regression is a form of regression analysis used to
model count data. It assumes that the counts have a
Poisson distribution and that the logarithm of its
expected value can be modelled by a linear combi-
nation of unknown parameters. Poisson regression
can also be used to model rates, where the rate is a
count of events of interest divided by some
measure of exposure, for example, person-years at
risk. In Poisson regression for rates, the expected
number of events is modelled with the logarithm of
the exposure also included in the linear predictor,
but with the parameter estimate for log(exposure)
constrained to equal one (Elandt-Johnson and
Johnson 1980; Holford 1980; Frome 1983; Allison
1984; Clayton and Hills 1993). Our analysis was con-
ducted using the poisson command in Stata version
13. The estimates were based on weighted data and
the standard errors of the coefficients adjusted for
the complex designs of the DHS using Stata’s svy
command.
In this analysis, the event of interest is giving birth.
The first interval modelled was progression to the
second birth. Exposure was measured in months
and, in both open and closed birth intervals, was
split into discrete time segments at the durations 9,
18, 24, 30… 72, 84… 144, 180, and 240 months.
Wemodelled fertility on a period basis. The overall
trend in the rates was modelled using a series of
dummy variables for each five-year period of calen-
dar time. Differential trends in fertility were mod-
elled by interacting the relevant variable with a
discrete interval-scale variable which took values
equating to the midpoints of these five-year
periods. To control out selection bias, we included
parity and the mother’s five-year age group at the
start of the duration segment in all the models. The
coefficients of the age parameters, which pick up
the biological decline in fecundity with age, were
fixed for each country but those for parity, which
pick up volitional limitation of family size, were
allowed to vary between groups of women and
over time.
Fitted fertility rates and median birth intervals
The Poisson regression models estimated log fertility
rate ratios relative to a baseline woman, parity, inter-
val duration, and five-year period (see Table A2 in
the supplementary material). From these coefficients,
fitted duration-specific fertility rates were calculated
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for ever-married women aged 25–29, who already
have three children and live in an urban area. In
order to calculate summary indices, these duration-
specific fertility rates were used to compute period
life table survivorship in the interval, that is, the pro-
portion of women who have not had a birth by the
end of each segment of exposure. To calculate the
medians, the duration segment during which 50 per
cent of the intervals (both open and closed) had
been closed was identified. Then a weighted
average of survivorship to the start and end of the
segment was used to estimate an exact median time
to next birth.
Parity progression
Moultrie et al. (2012) identified family limitation by
examining the interacting effects of parity and calen-
dar time on fertility. The current paper draws out the
implications of these differences further, by present-
ing PPRs taken from the life tables calculated using
the fertility rates derived from the fitted regression
models. A decline in the PPRs among women who
have between two and five existing children has
been proposed to be characteristic of the onset of
family size limitation (Brass and Juárez 1983).
The final PPRs of women who are still of child-
bearing age cannot be established. Even in a period
analysis, the data collected in the DHS on fertility
at very long durations are extremely sparse. Analyses
of parity progression based on birth history data have
often examined progression at five years (Brass et al.
1997). However, in sub-Saharan Africa, a substantial
proportion of the women who progress to a further
birth do so at durations of more than five years
since their previous birth (Moultrie et al. 2012).
Thus, we examined parity progression at
120 months (ten years) following the woman’s pre-
vious birth. Note that, because we modelled fertility
on a period basis, this does not impact adversely on
the timeliness of the estimates.
Modelling different strategies of birth control
The distribution of the duration-specific fertility rates
(i.e., the rate of closing a birth interval) can be used
to identify dominant family building strategies in
populations that are practising birth control. This dis-
tribution varies systematically in shape between
populations in which postponing, spacing, or limiting
are the dominant motives for birth control. Any
factor theorized to affect fertility can be examined
using this technique, including calendar time, proxi-
mate determinants of fertility, and socio-economic
indicators (Moultrie et al. 2008; Timæus andMoultrie
2013).
First, in a hypothetical population in which only
limiting leads to differences in fertility, the dur-
ation-specific fertility rates would be pulled down-
wards, relative to the baseline rates, at all durations
since the previous birth, as shown in the dashed
line in Figure 1 (Timæus and Moultrie 2008, 2013).
If fertility control were perfect, the proportion of
women remaining in the interval who want no
more children would rise with the amount of time
elapsed since last birth, and thus the downward
shift would be greater at long durations. Moreover,
in reality, failures of contraception mean that
women become increasingly selected for low fecund-
ity as time passes since the previous birth, compound-
ing this effect. In a regression model, limitation can
be identified by interacting the characteristic of inter-
est with parity: typically, the fertility of women of
parities two and three will decline by more than
that of women with only one child or those with
many children.
Second, a pure spacing effect results, in contrast, in
a rightwards shift of the duration-specific fertility dis-
tribution along the x-axis. The height of the distri-
bution does not change because women’s
preferences for a particular family size have not
changed, as shown by the dotted line in Figure 1
(Timæus and Moultrie 2008). Third, the distribution
produced in a hypothetical population in which
women intend to postpone their next birth for an
initially indefinite period shows lower fertility at
shorter durations since the previous birth and
higher fertility at longer durations than the base
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Figure 1 Hypothetical distributions of birth interval
duration-specific fertility rates associated with differ-
ential limiting, spacing, and postponement of births
Source: Modified from Timæus and Moultrie (2008).
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distribution (also shown in Figure 1). Because some
women begin the interval wanting to avoid preg-
nancy and later decide that they wish to conceive,
the distribution is pivoted in an anticlockwise direc-
tion relative to the base distribution. In this hypothe-
tical population, duration since last birth has no
effect on decisions to stop contracepting (this would
be spacing), but fertility decreases slowly with dur-
ation as more highly fecund women are removed
from the population at risk.
In order to model these variations in the pattern of
duration-specific fertility, we follow Timæus and
Moultrie (2013) and interact the characteristics of
interest with interval duration, log of interval dur-
ation, and interval duration squared at the midpoints
of the segments of exposure in the interval. Both the
simulation of duration-specific fertility distributions
and mathematical analysis demonstrate that these
interactions are diagnostic of differential birth
spacing and postponement (Timæus and Moultrie
2013). Acting together, duration and its logarithm
can have opposing effects on fertility in the two
halves of the fertility distribution, capturing the shift-
ing of it to the left or right that is diagnostic of differ-
ential spacing. Positive coefficients on a duration-
squared parameter push up fertility at longer dur-
ations, capturing the anticlockwise pivoting of the
distribution that is diagnostic of postponement. In
contrast, limitation tends to produce negative coeffi-
cients on a duration-squared parameter, reflecting its
proportionally greater impact at long durations.
In addition to these variables the analysis included
a variable identifying whether a woman had ever
been married. This was constructed by contrasting
the date of birth of each child with the date of the
mother’s first marriage. The effect on fertility of a
woman having ever been married was also allowed
to vary over time. A listing of all the variables and
interactions included in their model is shown in
Table 2.
Exploring differential trends
Moultrie et al. (2012) used their model to estimate
trends in waiting times to next birth at the national
level using DHS data for those mainland sub-
Saharan African countries that had conducted mul-
tiple surveys. With further elaboration, the model
can be used to explore socio-economic differentials
in time to next birth and strategies for birth control.
Here, we use it to investigate differentials by level
of education, adjusting for urban or rural residence.
As outlined in Table 3, our model included all the
variables and interactions proposed byMoultrie et al.
(2012). We then elaborated the model to assess: (1)
whether duration-specific fertility varies between
women with different socio-economic characteristics;
Table 2 Moultrie et al. model for estimating national
trends in age-, order-, and duration-specific period fertility
and identifying fertility intentions
Moultrie et al. model for national trends
National trends in fertility are modelled as a function of:
1. Mother’s five-year age group
2. Birth order of the index child
3. Duration since the mother’s last birth
4. Grouped five-year period
5. Whether the woman has ever married
Interactions between:
6. Parity and date
7. Date and interval duration
8. Date and interval duration squared
9. Date and the log of interval duration
10. Date and whether the woman has ever married
Source: Moultrie et al. (2012).
Table 3 Extended model for estimating socio-economic
differential trends in age-order-duration-specific period
fertility and identifying fertility intentions, using
educational level as an example
Trends in fertility are modelled as a function of:
1. Mother’s five-year age group
2. Birth order of the index child
3. Duration since the mother’s last birth
4. Grouped five-year period
5. Whether the woman has ever been married
6. Woman’s rural or urban residence
7. Educational level
Two-way period interactions:
8. Date and parity
9. Date and interval duration
10. Date and interval duration squared
11. Date and the log of interval duration
12. Date and whether the woman has ever married
13. Date and rural or urban residence
Two-way socio-economic interactions:
14. Date and educational level
15. Educational level and interval duration
16. Educational level and interval duration squared
17. Educational level and the log of interval duration
18. Educational level and parity
Three-way socio-economic interactions:
19. Educational level, interval duration, and date
20. Educational level, interval duration squared, and
date
21. Educational level, the log of interval duration, and
date
22. Educational level, parity, and date
Source: Authors’ model.
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and (2) whether the effect of a socio-economic
characteristic on duration-specific fertility has
varied over time. Thus, we included the main effect
of the socio-economic characteristic (educational
status) and interacted it with parity, date, and the
two-way interactions used by Moultrie et al. (2012),
in order to pick up both differential limiting and
differential trends in limiting. We also interacted
the educational status variable with duration since
the previous birth, duration squared, and the log of
duration. These interactions allowed the shape of
the distribution of duration-specific fertility to vary
by this socio-economic characteristic, thus permitting
the identification of differentials in spacing and post-
ponement. In order to determine whether edu-
cational differentials in the unconditional duration
of intervals and their control have changed signifi-
cantly over time (the second objective), our model
included three-way interactions between duration,
duration squared, and the log of interval duration
with date and educational status.
Results
Fertility by interval duration
Figure 2 examines changes in fertility by duration
since last birth over a 25-year period, for women of
differing levels of education in four Eastern African
countries. These fitted rates, obtained from the
regression model, are adjusted for age, parity, and
residence. They are presented for married women
aged 25–29 who have three children and live in an
urban area. While the absolute level of fertility
differs according to women’s age, parity, and other
characteristics, our statistical model assumes that
changes in pattern of the fitted duration-specific
rates follow the same path for women of all ages
and parities. Fertility declined between 1975–79 and
2000–04 among women of all educational levels in
all four countries. However, the duration-specific fer-
tility schedules and patterns of change among the
different educational subgroups varied considerably
between the four countries.
During the earlier period of observation, 1975–79,
the duration-specific fertility distributions in all four
countries peaked at between 24 and 36 months, and
fertility dropped rapidly at longer durations. In
Ethiopia, Kenya, and Tanzania, only slight differ-
ences existed between the duration-specific fertility
distributions of women with differing levels of
schooling. In Zimbabwe, however, the fertility of
the tenth of the women with secondary or higher
education was already significantly lower than that
of less educated women at shorter durations, while
at longer durations it was slightly higher.
The results for 2000–04 reveal that the duration-
specific fertility schedules have changed in all four
countries. At this time, less than one-tenth of the
women of childbearing age in Ethiopia and Tanza-
nia had attended secondary school, compared with
about one-quarter of such women in Kenya and
one-half in Zimbabwe. In all four countries, these
women now have lower fertility than other women
at shorter durations since the previous birth. More-
over, in Kenya, Tanzania, and Zimbabwe, the ferti-
lity of this group of women is higher than that of less
educated women at longer durations, resulting in an
intersection of the fertility distributions of the three
educational categories. This is the pattern of change
that one would expect with increasing postpone-
ment of births. The coefficients for the interaction
between interval duration squared, secondary edu-
cation, and calendar time in the regression model
underlying these results are significant in Ethiopia
and Kenya (see Table A2 in the supplementary
material). Thus, postponement of births by second-
ary-educated women has increased over time. In
Zimbabwe, the interaction between interval dur-
ation squared and calendar time is strongly signifi-
cant; however, there is no statistically significant
differential trend between women of differing edu-
cational levels.
The changes in the duration-specific fertility sche-
dules (Figure 2) also show that women in Ethiopia,
Tanzania, and Zimbabwe with some schooling were
spacing their births more widely by the early
twenty-first century. In Ethiopia, the peak of the dis-
tribution among women with secondary or higher
education shifted from 24–29 months after birth in
1975–79 to 36–41 months after birth in 2000–04. In
Tanzania, duration-specific fertility among women
with secondary or higher schooling peaked at 30–
35 months in 1975–79, while in 2000–04 it did so at
36–41 months. In Zimbabwe, there have been shifts
in the peak of duration-specific fertility among
women of all levels of schooling. It rose from 30–
35 months in 1975–79 to 36–41 months in 2000–04
among women with no schooling, and from 30–35
to 48–53 months among women with some schooling.
In Zimbabwe, this differential shift in the peak of
duration-specific fertility over time is statistically sig-
nificant, indicating that the increase in the extent of
birth spacing differs by women’s level of education
(see Table A2 in the supplementary material).
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Figure 2 Duration-specific fertility rates and highest level of education attended by women in four African
countries, 1975–79 and 2000–04
Note: Estimates are presented for an ever-married woman, who has three children, is aged 25–29, and lives in an urban area.
Source: Demographic and Health Surveys.
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Parity progression
Figure 3 shows trends in parity progression by ten
years after the previous birth, according to edu-
cational level for the four countries. Back in the
1970s, PPRs for urban women aged 25–29 were
slightly above 90 per cent at almost every parity in
all four countries. They were somewhat lower in
Ethiopia, Kenya, and Zimbabwe at some of the
middle-order parities for women with secondary or
higher education. By the early twenty-first century,
PPRs had dropped among women of all educational
Figure 3 Trends in parity progression ten years after previous birth, by parity and highest level of education
attended, women in four African countries, 1965–69 to 2005–09
Notes: Estimates are presented for an ever-married woman, who has three children, is aged 25–29, and lives in an urban area.
Due to lack of data, the observation period for Ethiopia starts in 1975–79.
Source: As for Figure 2.
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levels across the four countries. The decline was both
largest and more differentiated by parity among
women with secondary or higher education.
The biggest reductions in parity progression by
2005–09 occurred in Ethiopia. They were similar in
size among women who attended primary school
and those with no education. However, the reductions
were more differentiated by parity among the women
who had been to primary school: in this subgroup, the
fall in PPRs was greatest among women with three to
five children. The changes among women with sec-
ondary or higher education in Ethiopia were substan-
tial and varied markedly by parity. The largest
declines occurred among women progressing from
two to three children and from three to four children,
with the proportions progressing in 2000–04 measur-
ing 56 and 52 per cent, respectively. On the other
hand, the PPRs of theminority of secondary-educated
Ethiopian women who already had four or more chil-
dren dropped less.
In Kenya, PPRs first fell and then stagnated
slightly in 2000–04 at almost all parities and in all
three educational subgroups. The changes in pro-
gression to second birth were slight in all three
groups. Only small reductions occurred in the PPRs
of women with two or more children, from around
95 to 85 per cent among those with no education
and from around 95 to 80 per cent among women
with primary-level schooling. These reductions were
similar in size at every parity. Among women with
secondary or higher education, the drop in PPRs
was larger and more differentiated by parity. It was
largest among women progressing to their fourth or
fifth birth, with progression dropping to 70 per cent
in the most recent period. A drop in PPRs among
women progressing from their second to third birth
and their third to fourth birth has also occurred,
and this change was found to be statistically signifi-
cant among women progressing from their second
to third birth (see Table A2 in the supplementary
material).
Tanzania has experienced less change than the
other three countries examined, with nearly all
PPRs remaining above 75 per cent in 2005–09 (the
exception being women with secondary or higher
education progressing from three to four births).
The trends over time in PPRs of women with no edu-
cation and those with primary schooling were similar,
with progression from the second to third and third to
fourth births falling by slightly more than the other
PPRs. Progression from the third to fourth birth
among women with secondary or higher education
has dropped to 69 per cent, but the reduction in
their other PPRs has been small.
In Zimbabwe, as in Ethiopia, the PPRs of women
with primary or no schooling fell substantially by
2005–09. Among women with no schooling, little evi-
dence exists of differential trends by parity but,
among women with primary education, the PPRs
have fanned out slightly more. The ratios for pro-
gression to the third to sixth births are now
between 73 and 77 per cent for women with no
schooling and between 72 and 77 per cent for
women with primary schooling. The drop in the
PPRs of women with secondary or higher education
was even greater. In particular, a pronounced drop
occurred among women with two to four births,
with the proportions that have another child now
ranging from 66 to 72 per cent.
Median durations to the next birth
Figure 4 presents the differential trends by edu-
cational level in the median time to next birth in
the four countries. The estimates are derived from
the fitted fertility rates and once again are shown
for an ever-married urban resident who has three
children and is aged 25–29. Median durations to
women’s next birth have lengthened consistently
since the 1970s among all three educational sub-
groups in all four countries, but have stagnated
recently in Kenya among women with no education.
Overall, median durations were both longer, and
lengthened more rapidly, among more educated
women. In the most recent period, the medians for
women with secondary or higher education stood at
between 65 months (Kenya) and 111 months (Ethio-
pia), while the medians for women with no education
were between 37 months (Kenya) and 58 months
(Zimbabwe).
In all four countries, the median durations to next
birth of women who never went to school were
similar to those of women who only attended
primary school. The difference between the median
durations of the two groups in the most recent
period ranged from three months in Ethiopia to nine
months in Zimbabwe. Since the 1990s, the median
durations for women who went to primary school
have lengthened slightly more rapidly in all four
countries than those of women with no schooling.
In all countries, the median time spent in an inter-
val by women who have attended secondary or
higher education has increased more rapidly than
the median duration for less educated women.
This is particularly clear in Ethiopia. In 2005–09
the median duration at which women had another
birth was 111 months for women with secondary
Modelling fertility in Eastern Africa 11
or higher education, 63 months longer than the
median for women with primary education. In the
other three countries, the differences between
the median duration to next birth of women who
have attended secondary school and of those with
less education were smaller but still substantial:
ranging from ten months in Zimbabwe to 21 months
in Tanzania.
Discussion
This paper has described how the regression model
devised by Moultrie et al. (2012) can be developed
further to examine trends in the duration-specific fer-
tility and family building strategies of subpopulations
of women with different socio-economic character-
istics. We applied the model to the study of edu-
cational differentials in fertility in four Eastern
African countries. This analysis reveals that the
extent of birth spacing, postponement, and family
limitation differs significantly both between the
countries and between women of different edu-
cational levels within each country.
Fertility has begun to decline in all four countries.
It has fallen most and is lowest among women who
have attended secondary school. This result is in
line with the existing literature on the relationship
between education and fertility. The literacy and
numeracy skills that women gain in formal education
increase their productivity, which raises the opportu-
nity costs of bearing children and strengthens their
decision-making autonomy (Kravdal 2002). First,
educated women are more likely to encourage their
own children to attend school, which both costs
money and reduces the availability of the child to
assist with domestic tasks. Second, women who
have experienced some level of schooling themselves
are more likely than other women to live in nuclear
families. This means that more of the costs of
raising children are borne by the parents, rather
than their wider extended family. Third, education
also diminishes parental dependence on children in
old age or early widowhood and reduces infant and
child mortality, which, in turn, may reduce the
desired number of children (Kravdal 2002).
In addition to these ‘demand-side’ factors, edu-
cation is theorized to reduce fertility through a
Figure 4 Trends in the median duration to next previous birth by highest level of education attended, women in
four African countries, 1965–69 and 2005–09
Notes: Estimates are presented for an ever-married woman, who has three children, is aged 25–29, and lives in an urban area.
Due to lack of data, the observation period for Ethiopia starts in 1975–79.
Source: As for Figure 2.
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number of ‘supply-side’ factors. Women who have
attended school marry later, which reduces their
total number of childbearing years. Education also
increases their knowledge and acceptance of both
modern family planning methods and more tra-
ditional methods, such as prolonged breastfeeding
and post-partum abstinence (Kravdal 2002).
This study, like much of the existing literature from
low-income countries, has shown that the relation-
ship between education and fertility is often non-
linear. Education is associated inconsistently with
lower fertility among women with just a few years
of schooling but for women with secondary or
higher education, the relationship is systematically
negative (Jejeeboy 1995).
The shapes of the duration-specific fertility sche-
dules of women with secondary or higher education
have changed in all four countries as their fertility
fell. Fertility has fallen by far less at longer durations
since last birth than shorter ones. Moreover, by 2000–
04, relatively well-educated women in Kenya, Tanza-
nia, and Zimbabwe had higher fertility at durations
of more than about eight years since their last birth
than women who had not been to secondary
school, despite having much lower fertility overall.
This indicates that these women are differentially
postponing having another birth for lengthy periods
for reasons that are probably unrelated to the age
of their youngest child. This trend is statistically sig-
nificant in Ethiopia and Kenya.
It is unlikely that theHIVepidemic inEasternAfrica
plays a major role in explaining these trends in dur-
ation-specific fertility. HIV infection has both physio-
logical and behavioural effects on fecundity, and
the fertility of untreated HIV-infected women is sub-
stantially lower than that of the uninfected (Lewis
et al. 2004). However, this reduction in fertility
increases with duration since infection and is greatest
in women with symptomatic AIDS (Marston et al.
2016). Untreated women living with HIV, whose
disease status becomes severe enough to impact
greatly on their ability to conceive, will usually die
quite quickly. Thus, their childbearing histories are
relatively unlikely to be recorded in the DHS. As it
has become more accessible, antiretroviral therapy
has increasingly had an impact on this situation.
Women on treatment are less likely to die, and so
remain available for interview in DHS, but their ferti-
lity is also affected less (Yeatman et al. 2016).
However, treatment with antiretroviral therapy
became widespread too late to have had much impact
on fertility during the period examined in this paper.
In addition to the emergence of postponement in
the four countries, we found that the time since last
birth at which the duration-specific fertility schedule
peaks has risen in Ethiopia, Tanzania, and Zim-
babwe. This is indicative of an increase in birth
spacing. However, this trend is only statistically sig-
nificant in Zimbabwe. Among women with second-
ary or higher education in Ethiopia, a more or less
proportional reduction in duration-specific fertility
occurred at all durations since last birth. This
suggests that one reason for the dramatic increase
in the times to next birth among this subgroup of
women is that an increasing proportion of them
may be limiting the size of their families.
As well as looking at interval durations, this paper
has presented PPRs based on the modelled fertility
rates for women with varying levels of education.
These measures provided additional insights into
the process of fertility decline in Eastern Africa.
PPRs fell somewhat for all the groups of women,
but dropped most among women with secondary
or higher education. In Ethiopia, a particularly
large drop occurred in progression among these
women at parities two and three, revealing the
onset of parity-specific family size limitation in this
group. In Kenya, Tanzania, and Ethiopia, pro-
gression among women who had been to secondary
school fell less, but the drop was once again largest
at the middle-order parities, suggesting that parity-
specific family limitation may also be beginning
to emerge among educated women in these
populations.
A comparison of the patterns of decline in PPRs
documented in this study with those in fertility tran-
sitions in Asia reveals substantial differences. In
Asia, the decline in progression has been highly con-
centrated among mid-parity women, that is, women
who have between two and five existing children
(Brass and Juárez 1983). In contrast, except among
Ethiopian women who have been to secondary
school, this research found only muted differen-
tiation by parity in the drop in progression. More-
over, except in Zimbabwe, even this limited
differential reduction in the progression ratios has
been largely restricted to the small subgroup of
women who have attended secondary school.
This examination of patterns of duration-specific
fertility has revealed a nuanced picture of the
changes in family building strategies that have been
driving the initial stages of fertility transition in
these four Eastern African countries. Among the
subpopulations where the longest times to next
birth have emerged, the changes in duration-specific
fertility schedules strongly suggest that postpone-
ment was the most common motive for birth
control, particularly in Zimbabwe. In this sense, the
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results of this study largely support Timæus and
Moultrie’s (2008) assertion that fertility transition
in sub-Saharan Africa is seeing the emergence of
very long birth intervals, which cannot readily be
accounted for by birth spacing as it is usually envi-
saged. However, fertility in Eastern Africa is chan-
ging in a more complex way than any of the current
literature suggests. Educated women are not just
postponing. In each of the four countries, we have
identified the emergence of two or more family
building strategies among more educated women.
In Ethiopia, the large drop in the fertility of women
with secondary or higher education occurred
because parity-specific limitation and postponement
have both increased. In Kenya, increases in post-
ponement appear to be driving the lengthening of
median time to their next birth of women with
more years of formal schooling, but there is also
some evidence that some of them are stopping child-
bearing once they have three, four, or five children.
In Zimbabwe, and perhaps Tanzania, birth spacing,
in addition to birth postponement, is driving the
lengthening of median time to next birth.
This increase in birth spacing (defined as the delay-
ing of a birth for reasons contingent on the age of the
youngest child, for example, because the mother is
still breastfeeding) is not something that has been
noted in the existing literature on the transition to
low fertility in sub-Saharan Africa. It cannot be
explained by changes in breastfeeding behaviours,
since successive DHS have documented declining
durations of breastfeeding across all four countries
included in this research. Thus, social norms about
the appropriate amount of time to leave between
births may be changing or women may be increas-
ingly acting to implement a norm of lengthy birth
spacing. Alternatively, the number and duration of
episodes of spousal separation may have increased
in Zimbabwe in response to the prolonged economic
crisis that began in the late 1990s. Thus, a more
focused research study would be needed to deter-
mine whether or not the trend results from women
adopting modern methods of birth control to
realize more traditional preferences.
To summarize, this paper has illustrated that the
use of survival analysis using birth history data to
model period fertility, in the way outlined by Moul-
trie et al. (2012), can be successfully extended to
the exploration of changes in the duration-specific
fertility and family building strategies of women
with different socio-economic characteristics.
Women in Eastern Africa are spending more time
in each birth interval. Moreover, times to the next
birth are longer, and are lengthening more rapidly,
among more educated women. Postponement of
the next birth has played a dominant role in the
early stages of fertility transition in Eastern Africa,
producing a decline in fertility that spreads across
all age groups and parities, as Caldwell et al. (1992)
predicted. However, on examining PPRs calculated
from our fitted estimates, we found evidence of the
onset of parity-specific birth control among educated
women in all four countries, most notably in
Ethiopia.
Postponement, spacing births more widely, and
family limitation have all contributed, to some
extent, to the observed increases in durations to
next birth among more educated women in Eastern
Africa. Thus, they appear to be complementary
rather than mutually exclusive motives for the adop-
tion of birth control at the population level. The evi-
dence from Eastern Africa suggests that women who
have attended secondary school are increasingly con-
trolling their fertility in all three ways.
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